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(57) A fuel cartridge in accordance with one of the 
present inventions includes a fuel reservoir (102), a re- 
action chamber (104), and a passive structure (128, 
130) adapted to resist fluid flow from the fuel reservoir 
(1 02) to the reaction chamber (1 04). A reaction chamber 
in accordance with one of the present inventions in- 



cludes an external housing (178), defining a first reac- 
tant inlet (179), a liquid outlet (181) and a gas outlet 
(194), and a substantially gas permeable/substantially 
liquid impermeable structure (182) that separates the 
first reactant inlet (1 79) and the liquid outlet (1 81 ) from 
the gas outlet (194). 
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Description 

BACKGROUND OF THE INVENTIONS 
Field of the Inventions 

[0001] The present inventions are related to fuel car- 
tridges and reaction chambers that may be used, for ex- 
ample, in combination with fuel cells. 

Background 

[0002] Many devices are fueled by fuel that is stored 
in a fuel cartridge. Although the present inventions are 
not limited to fuel cartridges that are used in conjunction 
with any particular type of device, fuel cells are one ex- 
ample of a device that may consume fuel stored in a fuel 
cartridge, and the present inventions are discussed in 
the context of fuel cells for illustrative purposes only. Fu- 
el cells convert fuel and oxidant into electricity and a re- 
action product. Fuel cells that employ hydrogen as the 
fuel and oxygen as the oxidant, for example, produce 
water and/or water vapor as the reaction product. Fuel 
cartridges used in conjunction with fuel cells typically 
store pressurized gaseous fuel or a fuel containing sub- 
stance, such as a chemical compound, that releases the 
gaseous fuel under certain conditions. 
[0003] The inventors herein have determined that 
conventional fuel cartridges, especially those used in 
conjunction with fuel cells, are susceptible to improve- 
ment. More specifically, the inventors herein have de- 
termined that it can be undesirable to store large 
amounts of gaseous fuel (such as hydrogen) in a fuel 
cartridge because such storage can raise safety con- 
cerns and provide less than optimal energy density. The 
inventors herein have also determined that, in those in- 
stances where fuel containing substances are stored in 
a fuel cartridge, conventional apparatus for causing the 
gaseous fuel to be released do not provide precise con- 
trol over the process. This lack of control can lead to the 
release of more fuel than is required by the fuel cell, 
which also raises safety concerns. Thus, the inventors 
herein have determined that it would be desirable to pro- 
vide fuel cartridges that f acil itate precise control over the 
conditions associated with the release of gaseous fuel 
from the fuel containing substance. 
[0004] Conventional reaction chambers, which are 
sometimes used to release gaseous fuel from a fuel con- 
taining substance, rely on gravity for certain aspects of 
their operation. As such, they must be maintained in a 
predetermined orientation to function properly. The in- 
ventors herein have determined that, because they are 
orientation dependent, conventional reaction chambers 
are not particularly useful in conjunction portable devic- 
es, especially those which are frequently used in a va- 
riety of orientations. This deficiency has also limited the 
application of those fuel cell systems which rely on re- 
action chambers to release gaseous fuel from a fuel 



containing substance. The inventors herein have, there- 
fore, further determined that it would be advantageous 
to provide reaction chambers that will operate in any ori- 
entation because this would allow them to be used in 
5 conjunction with portable devices, including those which 
are often used in a variety of orientations, and will facil- 
itate the use of fuel cell systems in portable devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0005] Detailed description of preferred embodiments 
of the inventions will be made with reference to the ac- 
companying drawings. 

15 Figure 1 is a plan, partial section view of a fuel car- 
tridge in accordance with a preferred embodiment 
of a present invention. 

Figure 2 is a section view taken along line 2-2 in 
Figure 1 . 

20 Figure 3 is a plan view of a fuel cartridge in accord- 
ance with a preferred embodiment of a present in- 
vention connected to a pump. 
Figure 4 is a plan, partial section view of a portion 
of fuel cartridge in accordance with a preferred em- 
25 bodiment of a present invention. 

Figure 5 is a plan, partial section view of a fuel car- 
tridge in accordance with a preferred embodiment 
of a present invention. 

Figure 6 is a side, section view of a portion of the 
30 fuel cartridge illustrated in Figure 5. 

Figure 7 is a section view of a connector arrange- 
ment in accordance with a preferred embodiment 
of a present invention in a disconnected state. 
Figure 8 is a section view of the connector arrange- 
35 ment illustrated in Figure 7 in a connected state. 

Figure 9 is a partial section view of a reaction cham- 
ber in accordance with a preferred embodiment of 
a present invention. 

Figure 10 is a schematic block diagram of a host 
40 device and fuel cartridge in accordance with a pre- 
ferred embodiment of a present invention. 
Figure 11 is a schematic block diagram of a host 
device and fuel cartridge in accordance with a pre- 
ferred embodiment of a present invention. 

45 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0006] A fuel cartridge in accordance with one of the 
50 inventions herein includes a fuel reservoir, a reaction 
chamber, and a passive structure adapted to resist fluid 
flow from the fuel reservoir to the reaction chamber. 
Such a fuel cartridge provides a number of advantages 
over conventional fuel cartridges. Most notably, the pas- 
55 sive structure will prevent the fuel containing substance 
from entering the reaction chamber until a predeter- 
mined pressure gradient is formed across the passive 
structure. The release of gaseous fuel from the fuel con- 
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taining substance may, therefore, be precisely control- 
led by controlling the pressure at the passive structure. 
The present inventions also obviate the need to store 
compressed gaseous fuel and, accordingly, provide 
higher levels of safety and energy density than conven- 
tional fuel cartridges that store compressed gaseous fu- 
el. 

[0007] A reaction chamber in accordance with one of 
the inventions herein includes an external housing, de- 
fining a first reactant inlet, a liquid outlet and a gas outlet, 
and a substantially gas permeable/substantially liquid 
impermeable structure that separates the first reactant 
inlet and the liquid outlet from the gas outlet. Such a 
reaction chamber provides a number of advantages 
over conventional reaction chambers. For example, the 
orientation of the reaction chamber will not hinder the 
release of a gaseous product of the reaction that occurs 
therein. More specifically, gas (and gas pressure) will 
build within the area between the substantially gas per- 
meable/substantially liquid impermeable structure and 
the gas outlet as the reaction proceeds. The pressure 
will cause the gas to exit via the gas outlet regardless 
of the orientation of the reaction chamber. In the context 
of fuel cartridges, this is particularly useful because the 
host device may be movable and operated in a variety 
of orientations. 

[0008] A device in accordance with one of the inven- 
tions herein includes an apparatus that consumes elec- 
trical power, a fuel cell and a reaction chamber including 
an inlet adapted to be connected to a fuel source, a cat- 
alyst, and a fuel outlet connected to the fuel cell. The 
reaction chamber may, for example, be adapted to pro- 
duce gaseous fuel from a fuel containing substance. 
This allows the device to be used in combination with 
fuel cartridges do not have their own catalyst chambers. 
[0009] The following is a detailed description of the 
best presently known modes of carrying out the inven- 
tions. This description is not to be taken in a limiting 
sense, but is made merely for the purpose of illustrating 
the general principles of the inventions. Additionally, al- 
though the inventions herein are discussed in the con- 
text of fuel cells and host devices powered by fuel cells, 
the fuel cartridges and reaction chambers described 
herein are not limited solely to use with fuel cells. With 
respect to fuel cells, the present inventions are applica- 
ble to a wide range of fuel cell technologies, including 
those presently being developed or yet to be developed. 
Thus, although various exemplary fuel cartridges are 
described below with reference to a proton exchange 
membrane (PEM) fuel cell, othertypes of fuel cells, such 
as solid oxide fuel cells, are equally applicable to the 
present inventions. It should also be noted that detailed 
discussions of fuel cell structures, the structures of other 
fuel consuming devices, and the internal operating com- 
ponents of host devices powered thereby that are not 
pertinent to the present inventions have been omitted 
for the sake of simplicity. 

[0010] As illustrated for example in Figure 1, an ex- 



emplary fuel cartridge 100 includes a fuel reservoir 102 
that stores a fuel containing substance FCS, a reaction 
chamber 1 04 that stores a catalyst, and a bi-product res- 
ervoir 1 06 that stores the bi-product BP of the reaction 

5 that occurs within the reaction chamber. The fuel con- 
taining substance FCS is supplied to the reaction cham- 
ber 1 04 by way of a inlet line 1 08, while the bi-product 
BP is transferred to the bi-product reservoir 1 06 by way 
of an outlet line 110. The inlet and outlet lines 108 and 

10 110 are preferably tubular structures that define open 
regions through which the fuel containing substance 
FCS and bi-product BP flow. The fuel F and bi-product 
BP may be separated from one another within the reac- 
tion chamber 104 in any suitable manner including, for 

15 example, the manner described below with reference to 
Figure 9. A cartridge housing 112 is also provided to pro- 
tect the fuel reservoir 1 02, reaction chamber 1 04 and a 
bi-product reservoir 1 06, and to protect the host device 
from any leakage therefrom. 

20 [0011] Fuel F that is released from the fuel containing 
substance FCS will exit the fuel cartridge 1 00 by way of 
an outlet connector 1 1 4. The connector 1 1 4 also acts as 
a cap to prevent the release of fuel unless until it mates 
with a corresponding host device inlet connector 1 1 6 in 

25 the manner described below with reference to Figures 
7 and 8. 

[001 2] Although the present inventions are not limited 
to any particular fuel or fuel containing substance : one 
type of fuel containing substance is fuel containing 

30 chemical compounds that are used to provide hydrogen 
(the fuel used in the exemplary PEM fuel cell). Sodium 
borohydride, for example, is a stable compound in an 
aqueous solution that will readily form hydrogen in the 
presence of one or more transition metal catalysts, such 

35 as ruthenium (Ru), as illustrated by the following chem- 
ical equation: NaBH 4 + 2 H 2 0 ? 4 H 2 + NaB0 2 . The so- 
lution should also contain a sufficient concentration of 
sodium hydroxide to prevent the formation of any appre- 
ciable amount of hydrogen during storage. Other exem- 

40 plary fuel containing substances include lithium hydride, 
sodium hydride or any alkali metal hydride, while other 
exemplary catalysts include nickel, palladium and ruthe- 
nium. 

[0013] The exemplary fuel reservoir 102, reaction 
45 chamber 104, bi-product reservoir 106 and cartridge 
housing 112 may be formed from any suitable material 
or materials. In exemplary embodiments, in which sodi- 
um borohydride is used to produce hydrogen gas, the 
fuel and bi-product reservoirs 1 02 and 1 06 and reaction 
50 chamber 104 are each cylindrical in shape and formed 
from plastics such as polyolefins including, but not lim- 
ited to, polyethylene and polypropylene. Non-corrosive 
metals are another material from which the fuel and bi- 
product reservoirs 102 and 106 and reaction chamber 
55 1 04 may be manufactured. The reservoirs 1 02 and 1 06 
and reaction chamber 104 may also be rectangular in 
shape. Alternatively, the fuel cartridge may simply in- 
clude a housing similar to housing 1 1 2 and internal par- 
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tition walls that separate the interior of the housing into 
a number of distinct chambers. 

[0014] The size of the exemplary fuel cartridge 100 
would, of course, vary in accordance with factors such 
as the size of the host device and the desired amount 
of fuel containing substance to be stored. Although the 
present inventions are not limited to any particular size, 
the exemplary fuel cartridge 100, which produces hy- 
drogen from sodium borohydridesolution and is suitable 
for use in a personal digital assistant ("PDA"), carries 
about 1 0 milliliter (ml) of a sodium borohydride solution. 
It is contemplated that, depending on the application 
and type of fuel containing substance, the size of the 
cartridge may be varied to accommodate from less than 
1 0 ml of fuel containing substance for a small low power 
host device to 100 ml or more for a larger high power 
host device. Of course, these volumes may be in- 
creased or decreased as needed. 
[001 5] The exemplary fuel cartridge 1 00 and the por- 
tion of the host device that receives the fuel cartridge 
will preferably have corresponding shapes and a me- 
chanical keying apparatus (not shown), such as a rail 
and slot arrangement, to prevent the fuel cartridge from 
being connected improperly and, in many instances, 
prevent the wrong type of fuel cartridge from being con- 
nected the host device. A suitable locking device, such 
as a latch (not shown), may also be provided to hold the 
fuel cartridge in place. A relatively small fuel cartridge 
1 00 (as compared to the host device) could be inserted 
into the host device, while relatively large fuel cartridges 
could be mounted on the exterior. A housing 112 of an 
exteriorly mounted fuel cartridge for use with a PDA 
could, for example, be about 3 inches x about 6 inches 
x about 0.5 inch. 

[0016] In some exemplary implementations, and as il- 
lustrated for example in Figure 3, the fuel containing 
substance may be drawn out of the fuel reservoir 102 
by a pump 118 (such as a pump driven by an electric 
motor) that is associated with the host device and locat- 
ed downstream from the host device inlet connector 
116. In other implementations, the fuel cartridge 100 
may be provided with its own source of potential energy. 
As illustrated for example in Figure 4, an exemplary fuel 
reservoir 1 02' is provided with a spring 120 and pusher 
122 that together form an internal pump that applies 
pressure to the fuel containing substance within a stor- 
age area 124. A shut-off valve 126 will be employed here 
in place of the pump 1 18. The exemplary fuel cartridge 
1 00' illustrated in Figure 5, which is substantially similar 
to exemplary fuel cartridge 100 (and like elements are 
represented with like reference numerals), includes an 
internal electric motor driven pump 127 along the line 
associated with the connector 114. Here, the fuel car- 
tridge 1 00' will be electrically connected to the host de- 
vice, in addition to being mech an ically/fluidly connected, 
so that the pump 1 27 may be controlled by the host de- 
vice. Control of the pump 118, shut-off valve 126 and 
pump 127 are discussed in greater detail below. 



[0017] The exemplary bi-product reservoir 106 may ; 
if desired, include a device that creates a vacuum and 
draws the bi-product into reservoir. Suitable vacuum 
creation devices may include, for example, a spring and 
5 pusher arrangement similar to that illustrated in Figure 
4, albeit with the spring on the opposite side of the push- 
er. 

[001 8] Fuel cartridges in accordance with the present 
inventions may also be provided with a passive structure 
10 that, in the absence of a predetermined threshold pres- 
sure gradient across the structure, will prevent the fuel 
containing substance from coming into contact with the 
catalyst. The passive structure in the exemplary fuel car- 
tridge 1 00 illustrated in Figures 1 -3 is a porous structure 
15 1 28. The capillary forces created by the pores of the po- 
rous structure 128, and back pressure from any previ- 
ously released hydrogen within the reaction chamber 
104, prevent the fuel containing substance FCS in the 
reservoir 1 02 from coming into contact with the catalyst 
20 in the reaction chamber 1 04 when the pump 1 1 8 is not 
operating. Operation of the pump 118 will draw in the 
previously created hydrogen and create a vacuum force 
(or "pressure gradient") across the porous structure 1 28 
that is sufficient to overcome the capillary forces (i.e. a 
25 threshold value associated with that particular porous 
structure) and pull the fuel containing substance FCS 
into the reaction chamber 1 04. The production of hydro- 
gen or other fuel F may, therefore, be controlled by con- 
trolling the operation of the pump 1 1 8 because the fuel 
30 containing substance FCS will only react with the cata- 
lyst, and fuel will only be produced, when the pump is 
operating. 

[0019] The exemplary embodiment illustrated in Fig- 
ure 4 operates in similar fashion. Here, however, the 
35 spring 120 and pusher 122 supply a constant force to 
the fuel containing substance that is sufficient to over- 
come the capillary forces created by the pores of the 
porous structure 128. When the shut-off valve 126 is 
closed, the combination of the capillary forces created 
40 by the pores and back pressure from the previously re- 
leased hydrogen within the reaction chamber 104 will 
prevent the fuel containing substance in the reservoir 
1 02 from coming into contact with the catalyst in the re- 
action chamber 1 04. Opening the shut-off valve 1 26 al- 
45 lows released hydrogen to flow into the fuel cell . thereby 
reducing the back pressure to a level that will allow the 
fuel containing substance FCS to cross the porous 
structure 128. The production of fuel F may, therefore, 
be controlled by controlling the shut-off valve 126 be- 
so cause the fuel containing substance FCS will only react 
with the catalyst, and fuel will only be produced, when 
the valve is open. 

[0020] Suitable materials for the porous structure 128 
include, but are not limited to, membranes, foams, ce- 
55 ramies, porous filters formed by sintering fine polymer 
particles, spun filters and woven filters. Both organic and 
inorganic materials may be employed. Variables such 
as the material's affinity for liquid (i.e. whether it is hy- 
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drophilic or hydrophobic), selectivity, permeability, po- 
rosity and density should also be considered. Pore di- 
ameter, another variable that should be taken into ac- 
count, will preferably range from 0.001 micron to 100 
microns. Although the material may vary according to 
the intended application , one example of a suitable ma- 
terial is CELGARD? polypropylene hydrophobic mem- 
brane material having a pore diameter of 0.03 microns. 
[0021] Another exemplary passive structure is em- 
ployed in the exemplary fuel cartridge 1 00' illustrated in 
Figures 5 and 6. More specifically, the exemplary fuel 
cartridge 1 00' is provided with a capillary structure 1 30 
that includes a plurality of axially aligned, small diameter 
capillaries 1 32. The capillaries 1 32 are preferably about 
10 microns to about 400 microns in diameter and fabri- 
cated from fiber filters, hollow filter fibers, or porous 
plastics with axially aligned pores. The pore sizes and 
materials may, of course, vary as applications require. 
The capillary forces created by the interracial surface 
tension between the fuel containing substance FCS and 
the individual capillaries 132. in combination with the 
back pressure from residual hydrogen within the reac- 
tion chamber 1 04, results in the formation of a front 1 34 
and prevents the fuel containing substance in the res- 
ervoir 102 from coming into contact with the catalyst in 
the reaction chamber 1 04 when the pump 1 27 is not op- 
erating. Operation of the pump 127 will draw in the re- 
sidual hydrogen from the reaction chamber 104 and 
pores 132 and create a vacuum force across the capil- 
lary structure 1 30 that is sufficient to overcome the cap- 
illary forces (i.e. a threshold value particularto that par- 
ticular capillary structure) and pull the fuel containing 
substance into the reaction chamber. The production of 
hydrogen or other fuel F may, therefore, be controlled 
by controlling the operation of the pump 127 because 
the fuel containing substance FCS will only react with 
the catalyst, and fuel will only be produced, when the 
pump is operating. 

[0022] Although the present inventions are not limited 
to any particular connector arrangement, the preferred 
arrangement is a self -sealing inlet/outlet connector ar- 
rangement that prevents leakage. With such a self-seal- 
ing arrangement, seals will be maintained at the outlet 
connector 1 1 4 on the fuel cartridge 1 00 and the host de- 
vice inlet connector 1 1 6 when the two are connected to, 
and disconnected from, one another as the fuel car- 
tridge is received by, and removed from, the host device. 
Oncethe sealed connection is made, fuel will be allowed 
to flow from the reaction chamber 104 to a fuel cell or 
other fuel consuming device under the conditions de- 
scribed below. Preferably, the connection will occur au- 
tomatically when the fuel cartridge 100 is received by 
(e.g. inserted into or connected to) the host device to 
connect the fuel cartridge to the associated fuel con- 
suming device. 

[0023] One example of a self-sealing fuel inlet/outlet 
con nector arrangement that may be used in conju nction 
with the present inventions is illustrated in Figures 7 and 



8. The exemplary fuel outlet connector 114 includes a 
hollow cylindrical boss 136 having an inwardly project- 
ing edge 1 38 and lumen 1 40 that opens into the reaction 
chamber 104. The end 142 includes a compliant septum 
5 144 with a slit 146 that is secured by a crimp cap 148. 
A spring 1 50 (or other biasing device) and a sealing ball 
152 are positioned between the compliant septum 144 
and the inwardly projecting edge 138. The length of the 
spring 150 is such that the spring biases the sealing ball 
152 against the septum 144 to form a seal. The end 154 
of the crimp cap 148 includes an opening that is aligned 
with the septum slit 146. 

[0024] In the exemplary implementation illustrated in 
Figures 7 and 8, the host device inlet connector 116 in- 
cludes a needle 156 having a closed end 158, a lateral 
hole 160, and a bore that extends from the lateral hole 
axially through the needle. A sliding collar 162, which 
surrounds the needle 156 and is biased by a spring 164 
(or other biasing device) against an annular stop 166, 
includes a compliant sealing portion 1 68 and a substan- 
tially rigid retaining portion 170. The compliant sealing 
portion 1 68 includes an exposed upper surface 1 72 and 
an inner surface 1 74 in contact with the needle 1 56. In 
the disconnected position illustrated in Figure 7, the hole 
1 60 is surrounded and sealed by the sealing portion in- 
ner surface 1 74. The inlet connector 1 1 6 is also prefer- 
ably provided with a tapered lead-in portion 176 that 
guides and centers the outlet connector 1 1 4 as it moves 
into the connected position illustrated in Figure 8. 
[0025] When the fuel outlet connector 114 is inserted 
into the inlet connector 116 (Figure 8) in order to estab- 
lish a connection between the fuel cartridge 1 00 and the 
host device, the closed end 158 of the needle 156 will 
pass through the septum slit 146. The septum 144 
should, therefore, be compliant enough to allow the nee- 
dle 1 56 to be inserted without large insertion forces, yet 
stiff enough to provide a tight seal when the needle is 
removed. As the needle 1 56 passes through the septum 
144 into the cylindrical boss 136, the sliding collar 162 
and sealing ball 152 will be urged in opposite directions 
until the hole 1 60 is exposed. This establishes commu- 
nication between the fuel cartridge 1 00 and the host de- 
vice. Additional details concerning the exemplary con- 
nector arrangement illustrated in Figures 7 and 8 may 
be found in U.S. Patent No. 6,015,209, which is as- 
signed to the Hewlett-Packard Company and incorpo- 
rated herein by reference. 

[0026] The exemplary reaction chamber 104 is con- 
figured such that the orientation of the reaction chamber 
will not hinder the release of gaseous fuel (hydrogen in 
the illustrated implementations). Turning to Figure 9 : the 
exemplary reaction chamber 104 includes a external 
housing 178, which has a fuel containing substance inlet 
1 79 and a bi-product outlet 1 81 , and an internal reaction 
region 180 that is bounded by a gas permeable/liquid 
impermeable catalyst housing 1 82. Suitable gas perme- 
able/liquid impermeable materials forthe catalyst hous- 
ing 182 include porous hydrophobic membrane materi- 
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als such as, for example, GORE-TEX? material and 
CELGARD? hollow fiber membrane material. A catalyst 
consisting of, for example, one or more catalyst mem- 
bers is positioned within the catalyst housing 1 82 for re- 
action with the fuel containing substance. Preferably, 
the catalyst is in the form of a plurality of porous carbon 
beads 184 that are coated with catalyst material. The 
catalyst housing 1 82 is also provided with an inlet open- 
ing 186 and an outlet opening 188 that are each sealed 
with a gasket 190. The inner diameter of the housing 
1 78 is slightly larger than the outer diameter of the cat- 
alyst housing 182, thereby creating a relatively small 
gas collection area 192. A gas outlet 194 allows gas to 
flow from the gas collection area 1 92 into the outlet con- 
nector 114. 

[0027] With respect to operation of the exemplary re- 
action chamber 1 04, the fuel containing substance FCS 
(sodium borohydride in the illustrated embodiment) en- 
ters the catalyst housing 182 byway of the inlet opening 
186 and is exposed to the catalyst material (ruthenium 
in the exemplary embodiment) on the beads 1 84. Gas- 
eous fuel F and liquid bi-product BP (hydrogen and so- 
dium borate in the exemplary embodiment) form within 
the catalyst housing 182. As gas pressure builds, the 
gaseous fuel F will pass through the catalyst housing 
1 82 into the gas collection area 1 92 and, ultimately, exit 
the reaction chamber 1 04 by way of the gas outlet 1 94. 
The hydrophobic catalyst housing 182 will not, however, 
allowthe liquid bi-product BP to pass. The liquid bi-prod- 
uct BP will instead exit the catalyst housing by way of 
the outlet 1 88, and then flow through the outlet line 1 1 0 
to the bi-product reservoir 1 06. Because the present re- 
action chamber 104 relies on internal pressure and/or 
an external vacuum created by a pump such as pump 
118 in Figure 3, as opposed to gravity, to separate the 
gas from the liquid and evacuate the gas, the present 
reaction chamber will operate regardless of orientation. 
[0028] In an alternate embodiment, a portion of the 
inner surface of the external housing 1 78 may be cov- 
ered with a sheet of suitable gas permeable/liquid im- 
permeable material that, at a minimum, covers the gas 
outlet 1 94 in place of the catalyst housing 1 82. Here, the 
catalyst material will simply be placed in the external 
housing 178 in a mannerthat will prevent it from entering 
the inlet and outlet openings 1 86 and 1 88. Additionally, 
although the exemplary external housing 178 and cata- 
lyst housing 1 82 are cylindrical in shape, the present in- 
ventions are not so limited and the shapes may vary as 
desired to suit particular application. For example, a gas 
permeable/liquid impermeable wall may be used to di- 
vide the interior of the external housing 1 78 into two re- 
gions and separate the inlet and outlet openings 186 
and 188 from the gas outlet 194. 
[0029] It should also be noted that the exemplary re- 
action chamber 104 has application in areas other than 
fuel cartridges. More particularly, the reaction chamber 
is useful in any situation where it may be desirable to 
separate gaseous and liquid reaction products of two or 



more reactants, especially in those situations where the 
orientation of reaction chamber may vary during opera- 
tion. 

[0030] Although the present inventions are not limited 

5 to use with any particular host device, the fuel cell pow- 
ered PDA 200 illustrated in Figure 1 0 is one example of 
a device having element that consume electrical power 
which may be fueled by the present fuel cartridges. The 
exemplary PDA 200 includes a housing sized to be car- 

10 hed in a human hand that supports a plurality of keys 
202, a display 204, a speaker 206 and a microphone 
208. A modem 210 and a port 212, such as serial or 
USB port, may also be provided. Each of the these de- 
vices is preferably connected, either directly or indirect- 

15 |y, to a system controller 21 4 that may include a proces- 
sor, memory, associated software and/or any other de- 
vice that is used to control the operations of the PDA 
suchthatthe PDA perform various functions. Such func- 
tions include conventional PDA functions, additional 

20 PDA functions which may be developed in the future, 
and the power control functions (discussed below) as- 
sociated with the present inventions. 
[0031] The exemplary PDA 200 is powered by a fuel 
cell stack 216 consisting of one or more cells 218. Al- 

25 though the present inventions are not limited to any par- 
ticular type of fuel cell system, the exemplary fuel cells 
218 are PEM fuel cells. As is known to those of skill in 
the art, each cell 21 8 in the PEM fuel cell 21 6 stack in- 
cludes an anode 220 and a cathode 222 separated by 

30 a PEM 224. Fuel, such as hydrogen, is supplied to the 
anode 220 and oxygen supplied to the cathode 222. In 
the illustrated embodiment, oxygen may be supplied to 
the fuel cell stack 216 by drawing ambient air into the 
stack through a vent in the PDA housing. A fan may be 

35 provided to facilitate this process. The fuel is electro- 
chemically oxidized at an anode catalyst, thereby pro- 
ducing protons that migrate across the conducting PEM 
224 and react with the oxygen at a cathode catalyst to 
produce a bi-product (water vapor and nitrogen in the 

40 exemplary embodiment) which carried away from the fu- 
el cell stack 216 by a manifold and vented out of the 
PDA housing. 

[0032] The individual cells 21 8 in the exemplary stack 
216 are stacked in electrical series with bipolar plates 

45 therebetween that conduct current between the anode 
220 of one cell and the cathode 222 of the adjacent cell . 
The fuel flows from the cartridge 100, through a mani- 
fold, and between the anodes and associated plates. 
The atmospheric air flows between the cathodes and 

50 associated plates. The stack 21 6 is connected to vari- 
ous electrical loads within the PDA 200 such as the dis- 
play 204 and system controller 214. 
[0033] The PDA 200 or other host device should also 
include a battery 226 to provide power prior to the initial 

55 transfer of fuel to the fuel cell stack 216. Such power 
would be used to, for example, power the system con- 
troller 21 4 and pump 118 priorto the production of power 
by the fuel cell stack 21 6. 
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[0034] During operation of the exemplary PDA 200, 
the pump 118 (or valve 126 or pump 127) are controlled 
by the system controller 214 (or a separate controller) 
along with the other components and sub-systems 
(sometimes referred to as "balance of plant" compo- 
nents and systems) that control of the exemplary PEM 
fuel cell system. A feedback loop is one exemplary 
method of controlling the production of fuel within the 
fuel cartridges 1 00 and 1 00'. Such control would include 
the rate of fuel production in addition to whether or not 
fuel is being produced at all. 

[0035] Another exemplary fuel cell powered PDA, 
which is generally represented by reference numeral 
200', is illustrated in Figure 11 . PDA 200' is substantially 
similar in structure and operation to the PDA 200 illus- 
trated in Figure 10 and similar elements are illustrated 
by similar reference numerals. Here, however, the PDA 
200' (or other host device) is provided with a catalyst 
chamber 104 and a porous structure 128. A fuel car- 
tridge 228, which includes a fuel reservoir 102 for storing 
a fuel containing substance and a bi-product reservoir 
106 for storing a bi-product, may be connected to the 
PDA 200' by a pair of connectors 114 which mate with 
corresponding connectors 1 1 6 on the PDA.Thefuel res- 
ervoir 1 02 will be connected to the catalyst housing inlet 
opening 186 (Figure 9) by way of the porous structure 
1 28, whilethe bi-product reservoir 1 06 will be connected 
to the catalyst housing outlet opening 188 (Figure 9), 
when the fuel cartridge 228 is connected to the PDA 
200'. The catalyst chamber 104 and a porous structure 
128 operate in the respective manners described 
above. 

[0036] In an alternate implementation, the porous 
structure may be located within the catalyst chamber 
housing at, for example, the inlet opening 1 86. It should 
also be noted that the exemplary porous structure and 
a catalyst chamber arrangement illustrated in Figure 11 
is not limited to use with PDAs and may be employed in 
conjunction with any host device. 
[0037] Although the present inventions have been de- 
scribed in terms of the preferred embodiments above, 
numerous modifications and/or additions to the above- 
described preferred embodiments would be readily ap- 
parent to one skilled in the art. By way of example, but 
not limitation, the various components of the exemplary 
fuel cartridges described above may be interchanged. 
Fuel cartridges in accordance with the present inven- 
tions may also include a fuel cell bi-product reservoir to 
store bi-product from the operation of the fuel cell in 
those instances where it is not practicable to vent the 
bi-product out of the host device. It is intended that the 
scope of the present inventions extend to all such mod- 
ifications and/or additions. 



Claims 

1 . A fuel cartridge, comprising: 



a fuel reservoir (102); 
a reaction chamber (104); 
an open region (108) that connects the fuel res- 
ervoir (1 02) to the reaction chamber (1 04); and 
5 apassivestructure(128,130) located within the 

open region (108) adapted to resist fluid flow 
from the fuel reservoir (102) to the reaction 
chamber (104). 

10 2. A fuel cartridge as claimed in claim 1 , wherein the 
reaction chamber (104) includes an inlet (186) op- 
erably connected to the fuel reservoir (102) and a 
gas outlet (194). 

15 3. A fuel cartridge as claimed in claim 2, further com- 
prising: 

a bi-product reservoir (106) including a liquid 
inlet; 

20 

wherein the reaction chamber (104) includes 
a liquid outlet (181) operably connected to the bi- 
product chamber liquid inlet. 

25 4. A fuel cartridge as claimed in claim 1 , wherein the 
open region (1 08) is defined by a tubular member. 

5. A fuel cartridge as claimed in claim 1 , wherein the 
passive structure (1 28, 1 30) creates capillary forces 

30 that resist fluid flow. 

6. A fuel cartridge, comprising: 

a fuel reservoir (102); and 
35 a reaction chamber (104) including a catalyst 

(1 84), an inlet (1 79) operably connected to the 
fuel reservoir (102), a gas outlet (194) and a 
substantially gas permeable/substantially liq- 
uid impermeable structure (182) separating the 
40 inlet from the gas outlet (1 94). 

7. A fuel cartridge as claimed in claim 6, further com- 
prising: 

45 a bi-product reservoir (106) including a liquid 

inlet; 

wherein the reaction chamber (104) includes 
a liquid outlet (181) operably connected to the bi- 
50 product chamber liquid inlet. 

8. A fuel cartridge as claimed in claim 6, wherein the 
reaction chamber (104) comprises an external 
housing (1 78) and the substantially gas permeable/ 

55 substantially liquid impermeable structure (182) 
comprises an enclosed structure in which the cata- 
lyst (184) is at least partially located, an inlet (186) 
operably connected to the fuel reservoir (102), and 
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a liquid outlet (188). 

9. A fuel cartridge as claimed in claim 6 ; wherein the 
reaction chamber external housing (178) includes 

an inner surface, the enclosed substantially gas 5 
permeable/substantially liquid impermeable struc- 
ture (182) includes an outer surface, and a space 
(192) is defined between the inner surface of the 
reaction chamber external housing (178) and the 
outer surface of the enclosed substantially gas per- 10 
meable/substantially liquid impermeable structure 
(182) that is in communication with the reaction 
chamber gas outlet (194). 

10. A fuel cartridge as claimed in claim 6. wherein the 15 
substantially gas permeable/substantially liquid im- 
permeable structure (182) comprises a porous hy- 
drophobic membrane structure. 

11. A reaction chamber for use with at least first and 20 
second reactants, the reaction chamber compris- 
ing: 

an external housing (178) defining a first reac- 
tant inlet (179), a liquid outlet (181) and a gas 25 
outlet (194); and 

a substantially gas permeable/substantially liq- 
uid impermeable structure (1 82) located within 
the external housing (178) that separates the 
first reactant inlet (179) and the liquid outlet 30 
(181) from the gas outlet (194). 

1 2. A reaction chamber as claimed in claim 1 1 , wherein 
the substantially gas permeable/substantially liquid 
impermeable structure (1 82) comprises an internal 35 
housing formed at least partially from a substantially 
gas permeable/substantially liquid impermeable 
material and including an inlet operably (186) con- 
nected to the external housing first reactant inlet 

(1 79) and a liquid outlet (1 88) operably connected 40 
to the external housing liquid outlet (181). 

13. A reaction chamber as claimed in claim 12, wherein 
the second reactant is stored within the internal 
housing. 45 

14. A reaction chamber as claimed in claim 12, wherein 
the external housing (178) includes an inner sur- 
face, the internal housing includes an external sur- 
face, and a space (1 92) is defined between the ex- 50 
ternal housing inner surface and internal housing 
external surface that is in communication with the 
external housing gas outlet (194). 

15. A reaction chamber as claimed in claim 11 , wherein 55 
the substantially gas permeable/substantially liquid 
impermeable structure (182) comprises a porous 
hydrophobic membrane material. 
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